"Epileptic" brain damage in rats induced by sustained electrical stimulation of the perforant path. I. Acute electrophysiological and light microscopic studies.
Sustained electrical stimulation of the perforant path in urethane-anesthetized rats evoked hippocampal granule cell population spikes and epileptiform discharges. After stimulation, recurrent inhibition in the granule cell layer was abolished. Light microscopic analysis revealed a highly reproducible pattern of hippocampal damage to dentate pyramidal basket cells, hilar cells in general and CA3 and CA1 pyramidal cells. CA2 pyramidal cells and dentate granule cells were relatively unaffected. When perforant path stimulation on one side of the brain evoked bilateral granule cell discharges, damage was bilateral. Unilateral hippocampal seizures were associated with unilateral hippocampal damage. Rapid Golgi-stained hippocampi exhibited spherical dendritic swellings at the sites of termination of excitatory entorhinal afferents to the hippocampus and in the mossy fiber region. Electrical stimulation of a single excitatory afferent to the hippocampus appears to reproduce the "epileptic" pattern of hippocampal damage without using convulsant drugs and without causing motor convulsions. It is suggested that seizure-associated brain damage is caused by excessive pre-synaptic release of excitatory transmitter that induces intracellular post-synaptic changes that lead to dendritic swelling and cell death.